A criterion-referenced Web-based test was designed and administered to 256 individuals at 48 randomly sampled National Database of Nursing Quality Indicators (NDNQI) member hospitals to determine the reliability of the NDNQI pressure ulcer indicator. Overall K values for pressure ulcer identification, staging, and sourcing indicate moderate to near perfect reliability. Findings suggest that nurses can accurately differentiate pressure ulcers from other ulcerous wounds in Web-based photographs, reliably stage pressure ulcers, and reliably identify community versus nosocomial pressure ulcers.
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outcome indicators, including the presstire ulcer indicator, are important for establishing the quality of the NDNQI. These studies help ensure that the data received in NDNQI reports provide solid evidence for decisionmaking and quality improvement initiatives. In addition, reliability studies are used to determine the need for improvements in NDNQI data collection guidelines and the orientation that is provided to hospitals on standardized data collection.
Interrater reliability GRR) is defined as the agreement between 2 or more raters, observing the same thing. For the purposes of pressure ulcer staging, IRR is most often evaluated by having multiple raters observe the same pressure ulcer, either sequentially or simultaneously. When staging pressure ulcers for prevalence or incidence studies, IRR is crucial to document the accuracy and comparability of the data. The raters' expertise, interpretation of clinical tools/scales, and clinical judgment all have the potential to influence the reliability of pressure ulcer data.
The creation of the NDNQI and other large healthcare quality indicator initiatives has brought about the need to consider new methods for investigating the reliability of the data that are collected on pressure ulcer identification and staging. Conventional IRR evaluation methods are not feasible for these new and important programs as the large ntunbers of participant hospitals, distributed across the cotmtry, make data collection on uniform subjects logistically and financially impossible.
In consideration of these diffictilties, it was decided to conduct Web-based rater-tostandard reliability testing using a criterionreferenced test. Rater-to-standard reliability is defined as the agreement between a rater and expert panel opinion. Guidelines established by the National Pressure Ulcer Advisory Panel (NPUAP) and the Agency for Healthcare Research and Quality (AHRQ) were used as the criterion reference for pressure ulcer identification and classification (staging),'-^ This methodology permitted the testing of raters located in many different places at times that were most convenient for each hospital. Member hospitals of the NDNQI submit data and communicate with NDNQI staff via secure online access to the World Wide Web. Thus, Web-based testing and data collection was determined as the most effective method for administering the components of this study.
BACKGROUND
Pressure tilcers are a significant problem in hospitalized patients and those receiving treatment in nursing home and home healthcare. A pressure ulcer is any lesion caused by unrelieved pressure, resulting in damage of underlying tissue.' Pressure ulcers most often occur over bony prominences and are staged from I to iy or unstageable, according to the amount of observable damage. Persons who develop pressure ulcers experience unrelieved pain and social isolation, and may suffer from complications such as cellulitis, bacteremia, or osteomyelitis, requiring prolonged hospitalization.^"^ Accurate identification and classification of pressure ulcers (using the NPUAP/AHRQ guidelines) are important for determining appropriate treatment and evaluating quality improvement measures to prevent their occurrence.
Interrater reliability of pressure ulcer identification and staging
The Cohen's /c statistic is most often used to assess IRR. The K coefficient provides the percentage agreement between 2 or more raters that occurs beyond chance.^ Generally, accepted standards for categorizing the strength of agreement for K were proposed by Landis and nly a small ntimber of published studies have examined the IRR of pressure ulcer identification and staging. These studies have either compared bedside evaluations of wounds or evaluated assessments of wounds from photographs. Bours et al'' compared nurse and wound care experts' bedside assessments of pressure ulcer staging in a variety of healthcare settings. The Cohen's K value was 0.97 and 0.81 in the nursing home and hospital, respectively, indicating near perfect IRR of pressure tilcer staging, but was only 0.49 in the home health setting. Buntinx''' who compared 3 physicians' and 3 general practice nurses' assessments of 27 pressure ulcers found a lower K value of 0.42 for presstire tilcer staging. Pedley'^ found a fair interrater K agreement of 0.31 between 2 wotmd care nurses' assessments of 35 wounds.
Findings from studies with photographs are mixed. Healy'^ found a fair IRR (K = 0.37) between 79 general practice nurses who assessed 10 pressure tilcer photographs. Results were similar to those obtained by Allcock et al'^ who fotmd a 32% to 49% agreement between general practice nurse's ratings of 6 photographs and the "correct" response. Percentage agreement between 2 raters is unlike K agreement in that it is not corrected for chance. In a study conducted by Russell and Reynolds,'^ 12 photographs of pressure ulcers were first assessed by a consensus panel of experts to determine the "correct" response, and then assessed by 97 general practice nurse raters. Percentage agreement between the 97 general practice nurses and the "correct" response ranged from 30.2% to 61.9%.^D efloor and Schoonhoven^^ using a similar methodology examined the IRR of pressure ulcer identification and staging by 44 pressure ulcer experts. Photographs of 48 pressure ulcers, along with those of 8 incontinence lesions, were assessed. Kappa values ranged from 0.64 to 0.75, indicating substantial IRR of pressure ulcer identification and staging between pressure ulcer expert raters and the "correct" response.
The National Database of Nursing Quality Indicators
The NDNQI was established by the ANA in 1998 to monitor outcome indicators in the acute care setting and evaluate the impact of nurse staffing on hospital care. Data are collected currently on nursing care hours per patient day, nurse skill mix, registered nurse (RN) education, RN certification, patient injury fall rate, nosocomial pressure ulcer rate, patient assault rate, pediatric pain management, pediatric peripheral intravenous infiltration, and injury assault on psychiatric units. Additional data are collected on select process indicators relevant to pressure ulcer and fall risk and on hospital-level characteristics. Participating hospitals transmit data to the ND-NQI quarterly, where these data undergo a systematic quality assurance process and review^ for outliers and inconsistencies between the data elements. Data are then summarized and published in a quarterly report that allows participating facilities to compare their results with results from previous quarters and with other hospitals across the nation having similar characteristics. As of December 2005, more than 900 acute care hospitals from all 50 US states and the District of Columbia were NDNQI members.
The IRR of pressure ulcer identification and staging is crucial to document the quality of the NDNQI and ultimately the accuracy of comparisons between participating hospitals. Moreover, no previous study was found that assessed the IRR of pressure ulcer identification and staging through Web-based testing. The purpose of this study was to determine the rater-to-standard reliability of pressure ulcer identification (PU Identification) and staging (PU Stage) among NDNQI hospitals, and determine how well raters differentiate between nosocomial and community acquired pressure ulcers (PU Source).
METHODS

Test development
A 3-part criterion-referenced test was created in collaboration with experts in wound care and instrument design. High-quality digital pictures of ulcerous wounds were used in this study. Nineteen of the 25 pictures were obtained from and used with permission from the NPUAP Guidelines of the NPUAP and the AHRQ for pressure ulcer staging and expert opinion were used to assess and stage ulcers in each picture.
The first part of the test (PU Identification) contained 7 pictures of ulcerous w^ounds: 3 venous ulcers, 2 pressure ulcers, 1 arterial ulcer, and 1 diabetic foot ulcer. The second part (PU Stage) contained 18 pictures of pressure ulcers. During pilot testing, this section contained 4 pictures of stage I pressure ulcers, 3 pictures of stage II pressure ulcers, 5 pictures of stage III pressure ulcers, 5 pictures of stage IV pressure ulcers, and 1 picture of an unstageable pressure ulcer. The third part (PU Source) contained 5 scenarios that described a patient's course of hospitalization.
Two versions of the test were created because assessment of the reliability of pressure ulcer staging from Web-based photographs was a new methodology and subject to 2 limitations relative to in-person assessment. First, even high-quality digital images are 2-dimensional and will not provide all of the information available from direct observation. Second, the images available to raters were dependent on the quality of their computer monitors. To address the 2-dimensional limitation, the first test version contained a short narrative description (w^ound descriptor) of each pressure ulcer in part 2 of the test. This was done to provide contextual information about the wound ordinarily available to the rater through direct wound observation. SpeciOcaUy, information about wound size, depth, surface characteristics, and surrounding tissue were included in the narrative description that accompanied the pressure ulcer photographs. While this additional information may have provided details typically available to an in-person rater, it might also have cued raters to consider wound characteristics that might not have been noticed without prompting.
Therefore, the second version of the test excluded wound descriptors in part 2 to examine their effect on the reliability of pressure ulcer staging and enhance the comparability of findings to previous research studies. It was anticipated that the reliability results from the version containing wound descriptors would be higher than the picture-only version, and that the 2 versions of the test would bracket the reliability resulting from bedside, in-person assessments.
Pilot testing was conducted using a Microsoft Word version of the test viewed on computer screens. Fifteen wound care nurses at NDNQI hospitals participated in the pilot testing and w^ere excluded from the study. Pilot testers provided feedback on the quality of pictures, the difficulty of staging pressure ulcers presented in a 2-dimensional picture, and the clarity ofthe wound descriptors. One stage IV pressure ulcer picture was removed from the test because of poor quality, and 2 pictures were edited with Photoshop software to enhance the images. Wound descriptors were modified on the basis of pilot tester feedback.
The final 24-picture test contained the unmodified parts 1 and 3 and a modified part 2 containing pictures of 4 stage I pressure ulcers, 3 stage II pressure ulcers, 5 stage III pressure ulcers, 4 stage IV pressure ulcers, and 1 unstageable pressure ulcer. Additional questions on participant educational background, wound care training, and experience with NDNQI pressure ulcer data collection w^ere also included. The test was approved by the University of Kansas Medical Center Committee on Human Subjects and housed on a secure Web server with password protection.
Sample and procedure
A random sample of 60 NDNQI hospitals with reported pressure ulcer prevalence data during the third and fourth quarters of 2003 and the first and second quarters of 2004 was chosen to participate in the reliability study. Of the 60 hospitals initially invited to participate, 12 hospitals declined. Recruitment of additional randomly sampled hospitals continued. Seven more hospitals agreed to participate for a total of 55 hospitals registered for the study. Participating hospitals were computer randomized to take 1 of the 2 versions of the test.
The test was designed for completion by each person at the sampled facilities w^ho participated in pressure ulcer staging for the quarterly NDNQI pressure ulcer studies. The site coordinators for the NDNQI were asked to facilitate the participation of the included individuals at their facility by serving as the point of contact for the study and delivering all study-related materials to the appropriate persons. Each participant was given a unique password that could be linked to the hospital but not the individual. To discourage multiple log-ins, each password could be used only once.
Part 1 of the test asked participants to identify whether the wound was a pressure, venous, arterial, or diabetic foot ulcer. For part 2, individual participants were asked to stage the pressure ulcer in each of the 17 photographs or to classify it as unstageable. Participants were instructed to use NPUAP guidelines when staging the wound or classifying it as unstageable. For part 3 of the test, participants were asked to read 5 scenarios and determine from each whether the patient's pressure ulcer w^as nosocomial or community acquired.
Data collection was scheduled for a 4-week period, but was extended for an additional 2 weeks to accommodate those individuals w^ho were unable to meet the deadline. To encourage participation, reminder e-mails including information on current hospital response rates were sent every 2 weeks to the site coordinators at each participating hospital. At the end of the data collection period, data were missing entirely from 7 hospitals. The final sample included 48 hospitals and 256 individual participants for an 87% hospital and 69% individual response rate. Data on hospital characteristics (bed size. Magnet status, and academic status) for the final sample were retrieved from the ND-NQI and merged with the test data for the analysis.
Data analysis
The data were analyzed using computer programs SAS Version 8.01 (Cary, NC) and MATLAB Version 6.1 (Natick, Mass). Descriptive statistics were used to summarize the demographic data. The Cohen's K value^°'^' was used to calculate the agreement between the pressure ulcer rating from NDNQI-affiliated hospital raters and the pressure ulcer rating from expert panel raters. The ic reliability statistic for each rater was calculated utilizing a MATLAB function.^^ Categorical strength of agreement was ascribed according to Landis and Koch.Ĥ ierarchical linear models (HLMs) were created to analyze the relationship between the independent variables (hospital and rater characteristics) and K values (dependent variables).^' The normal distribution assumption for the HLM was theoretically justified using 15 questions in a simulation study. Confidence intervals (CIs) of 95% were created for each significant variable.
Modeling K values for each rater using the HLM has several advantages over modeling an aggregated single K agreement across all pressure ulcer raters with a hospital. First, the individual K value allows for simultaneous inference at the individual and hospital levels, enabling researchers to assess the individual rater performance and the hospital performance simultaneously (ie, raters are nested within hospitals).'" Second, the HLM allows researchers to study individual rater-level covariates and hospital-level covariates (Tables 1  and 2 ) while correctly accounting for the correlation between raters in the same hospitalthe intraclass correlation coefficient GCC). The covariates included in the HLM are listed in Tables 1 and 2 . Only significant covariates in the model are reported in the "Results" section.
The ICC is the ratio of the variability of KS between hospitals divided by the sum of the variability of KS between hospitals plus the variability of/ts within hospitals. The ICC varies from 0.0 to 1.0. An ICC near 0 would indicate that most of the variance on an item w^as w^ithin hospitals, not between hospitals. This would be interpreted as most hospitals having the same level of rater-to-standard reliability, although there would be variation within hospitals in how reliably raters staged pressure ulcers. An ICC of 1.0 would indicate that the variance in K values between hospitals was the predominant source of variability while there was little variation among raters within hospitals. This would be interpreted as some hospitals stage pressure ulcers more reliably than others while raters within hospitals stage ulcers with the same level of reliability.
Lastly, the HLM allows estimation of K values for hospitals outside the study on the basis of their teaching status. Magnet status, and bed size. Thus, results from the study can be generalized to all NDNQI hospitals.
RESULTS
Sample characteristics
A total of 55 hospitals were enrolled into the study; however, 7 hospitals did not submit data. The sample included 256 raters from 48 hospitals across the United States. Participating hospitals ranged in size from less than 100-staffed beds to more than 500-staffed beds (Table 1) . Approximately 54% (n = 26) of the participating hospitals were academic medical centers or teaching hospitals and 33% (w -16) held Magnet status. Participating hospital distributions for bed size and teaching status were similar to the distributions of these characteristics for all NDNQI hospitals, but hospitals with Magnet status were significantly over-represented in this study (jP = .05). The number of raters within each hospital ranged from 1 to 21 (M -5.3). Nearly half (47%) of all raters were staff nurses while 16% were wound/skin care nurses. Sixtyseven percent of raters had a bachelor's degree or higher level of education, and 17% were certified in wound, continence, and/or ostomy care. Most participants (88%) had not completed the NDNQI data collection tutorial, which is required only for individuals who enter data for NDNQI studies. Approximately 78% of raters reported that they received training or review in pressure ulcer staging at their hospital.
Reliability
The overall K agreement for wound identification was 0.56 (SD = 0. The overall K agreement for pressure ulcer staging was 0.65 (SD = 0.21). An analysis of the 2 versions of the staging questions (part 2) revealed that, as expected, K agreements were significantly higher for raters who received photographs with wound descriptors (K = 0.72, SD = 0.22) than for those who received photographs alone CK = 0.56, SD = 0.17). The 2 versions of the test indicate that raters at NDNQI hospitals have moderate to substantial rater-to-standard reliability for pressure ulcer Staging. The overall K agreement for pressure ulcer source was 0.80 (SD -0.29).
Using hospital and rater characteristics, 3 separate HLMs were created (PU Identification, PU Stage, and PU Source). Test version, hospital characteristics, and rater characteristics were used as independent variables in the analysis. The variables "certification" and "job title" were highly correlated in early analysis as more than 80% of raters with the job title "wound/skin care nurse" w^ere also w^ound, continence, and/or ostomy certified. Each of these variables was tested in separate HLMs. The Bayesian information criteria'^' were lower for the model with certification (-103.8) than the model ^th job title (-92.5), indicating that the model w^ith "certification" better fits the data. Therefore, job title was eliminated as an independent variable in all subsequent linear modeling.
The HLM for pressure ulcer identification revealed that nurses with wound, continence, and/or ostomy care certification had higher K values (5 = 0.13, SE = 0.04, P < .001) than nurses without certification, after adjusting for test version, hospital, and other rater characteristics. The adjusted K value for the certified nurses in the pressure ulcer identification model was 0.68 (SE = 0.03) compared with 0.55 (SE -0.02) for noncertified nurses.
Hierarchical linear modeling also revealed that nurses with wound, continence, and/or ostomy care certification had significantly higher adjusted K values for pressure ulcer staging (B -0.12, SE = 0.03, P < .001). When the test did not include wound descriptors, the adjusted K agreement for pressure ulcer staging by nurses who were certified in wound, continence, and/or ostomy care was 0.66 (SE -0.04) compared with 0.54 (SE = 0.03) for noncertified nurses. When the test included wound descriptors, the adjusted K value for those certified in wound, continence, and/or ostomy care was 0.83 (SE = 0.03) compared with 0.71 (SE = 0.02) for noncertified nurses. The HLM for PU Source (part 3) found no significant association between test version, hospital characteristics, or rater characteristics, and K values.
The ICC for identification (type of ulcerous wound), simple identification (pressure ulcer vs other ulcerous wound), staging, and sourcing were 0.19, 0.09, 0.16, and 0.21, respectively. Therefore, most of the variations in K values w^ere within hospitals, not between hospitals, and we can say that participant NDNQI hospitals are staging pressure ulcers equally reliably. The particularly low ICC for simple identification indicates that these NDNQI hospitals uniformly identify pressure ulcers versus other wounds and the overall K cited above demonstrates that they do so reliably. This is strong evidence that NDNQI data for the pressure ulcer prevalence indicator are both reliable and comparably reliable across these facilities.
To illustrate this point further, the HLM and the appropriate ICCs support the calculation of CIS of K at specific hospitals. The hospital with the worst K agreement for staging, with wound descriptors, had a 95% CI of 0.50 to 0.69, and the hospital with the best staging K, •with wound descriptors, had a CI of 0.69 to 0.94. Both of these CIs indicate moderate to near perfect reliability. Moreover, since the ICC for simple identification (Binary version) was so low, a simple 95% CI of 0.80 to 0.88 described the entire population of hospitals.
Generalizing to all NDNQI hospitals
Using an HLM that incorporated the full distribution of NDNQI hospital characteristics, we were able to infer the K agreement for the total population of NDNQI raters using 95% CIs. Raters certified in wound, continence, and/or ostomy care had higher K values than uncertified raters, regardless of test version. For the test version without wound descriptors, a certified rater had a 95% CI of 0.59 to 0.73 compared with a 95% CI of 0.49 to 0.59 for uncertified raters. Wound descriptors resulted in significantly higher rater-to-standard agreement for both certified and uncertified raters, although the K'S for certified raters still exceed those for uncertified raters. The 95% CI for wound continence and/or ostomy certified raters, using the wound descriptors version of the test, was 0.76 to 0.89 compared with 0.67 to 0.76 for uncertified raters. Only 17.2% of the NDNQI raters were certified in wound, continence, and/or ostomy care. However, the K measures for the uncertified raters still fell within the moderate (0.49-0.76) range of values.
DISCUSSION
Overall K values for the study fell between moderate and near perfect agreement (PU Identification = 0.56; PU Binary Identification = 0.84; PU Stage = 0.65; PU Source -0.80), providing encouraging evidence for the reliability of the NDNQI pressure ulcer prevalence indicator When certified wound, continence, and/or ostomy care nurses staged pressure ulcers, the average increase in K values was 0.12, with substantial to near perfect agreement. This study demonstrated that a Webbased criterion-referenced test is an effective method for assessing the reliability of pressure ulcer assessments in hospitals across the United States. The inclusion of wound descriptors also made a difference. Raters who staged pressure ulcers from photographs with wound descriptors had an average increase of 0.17 in their K values.
It should again be noted that variations do exist in the categorizing standards for K coefficients. This study utilized the most traditional and widely cited standards. Most guidelines vary only slightly from these standards. However, the threshold for acceptability, especially when determining the need for intervention, varies considerably between studies. Even given ranges of acceptability, the K values of 0.60 achieved in this study, fall within the CI range, -which is indicative of acceptable reliability within all published standards for interpretation.
limitations
Magnet hospitals were over-represented among the study participants. Magnet hospitals are more likely to engage in targeted pressure ulcer prevention training as a result of their requirements for achieving and maintaining Magnet status. Their overrepresentation could have been expected to produce higher reliability estimates than if the sample had been representative. However, hierarchical linear modeling that incorporated the full distribution of NDNDI hospital characteristics, controlling for Magnet status, resulted in reliability estimates that remained in the moderate to near perfect range.
Rater-to-standard testing ideally is accomplished by having a wound care expert and other RNs examine a patient and independently determine the presence and stage of a pressure ulcer. This was not a feasible procedtire for assessing the reliability of pressure ulcer data reporting to a large outcomes database. The use of pressure ulcer photographs and Web-based testing were instrumental to the design of this study. Previous studies using photographs to assess pressure ulcer staging found similar or lower K values than studies conducted at the bedside. Although this study used high-quality digital pictures of pressure ulcers that were pilot tested and enhanced, the use of Web images rather than in-person assessments might have reduced the reliability estimates for pressure ulcer staging in this study. Variations in viewing technology (ie, computer monitors) may have also influenced the study results.
The 2 versions of the Web-based rater-tostandard test were used to establish a range of results that should have encompassed estimates resulting from the ideal procedure. The test version with wound descriptors accompanying the pictures of pressure ulcers included information that would normally be available with 3-dimensional visual observation as well as information that would be obtained from charts and physical examination. Providing wound descriptors, however, may have cued raters to consider information that might not have been available or noticed with in-person assessments.
The test version containing photographs without -wound descriptors provided only a 2-dimensional presentation of visual information -without benefit of information that could be obtained with clinical examination. Therefore, the K measure on the ideal, in-person IRR test would likely be between the K values that ranged from moderate to almost perfect for tests using pictures without wound descriptors and tests using pictures with wound descriptors. The 2 versions produced different estimates for the reliability of pressure ulcer staging, although even the lower bound estimates were in the moderate range.
Implications for practice
Study results suggest that NDNQI data on pressure ulcers can be used as an indicator of nursing care quality and as a tool for guiding quality improvement initiatives. Findings also suggest that hospitals should use persons certified in wound care to stage pressure ulcers and identify non-pressure ulcer wounds. With many hospitals now subject to external review for pressure ulcer ratings and other quality indicators, the need for accurate data is crucial. The use of nurses who are certified in wound care can improve the accuracy of pressure ulcer data collection in hospitals. It is also important that staff nurses receive additional education on pressure ulcer staging and wound identification. This could be accomplished at the time of initial employment and through continuing reviews and updates.
CONCLUSION
These fmdings demonstrate that nurses can accurately differentiate pressure ulcers from other ulcerous wounds in digital photographs and identify community versus nosocomial pressure ulcers using Web-based technology. Nurses have moderate to near perfect levels of reliability when staging pressure ulcers. However, nurses certified in wound, continence, and/or ostomy care stage pressure ulcers more accurately than noncertified nurses, thus additional training for the latter is warranted. In addition, the results suggest that NfDNQI hospitals stage pressure ulcers equally reliably. Findings from this study provide evidence for the overall reliability of the NDNQI pressure ulcer data.
